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Abstract 
Behaviorally conditioned immunosuppression o-f a primary humoral immune 
response was investigated in both the sexes of five selectively bred lines 
of rats. In the experimental group, an illness-induced taste aversion was 
produced by pairing sucrose (CS) and cyclophosphamide (US), an 
immunosuppressant that induces gastrointestinal distress. A nonconditioned 
group received water as the CS and cyclophosphamide (CY) as the US while a 
placebo group received sucrose as the CS and isotonic saline as the US. 
Three days following the CS-US pairing, the animals received an injection of 
sheep erythrocytes (SRBC). A hemagglutinating antibody titer was used to 
assess the humoral antibody response (CR) six days later. Overall, there was 
evidence of behaviorally conditioned immunosuppression. Taste aversion was 
present 24 hours following conditioning in the MR/Har/Lu (p<.01), MNR/Har/Lu 
(p<.05), SHS (p<.01) and RLA/Lu (p<.01) lines with persistant extinction in 
MNR/Har/Lu animals and the appearance of taste aversion in the RHA/Lu 
(p<.05) animals 48 hours following conditioning. Results are discussed on 
behavioral and biochemical levels with a conclusion emphasising the 
importance of research in behavioral immunology and calling for greater 
attention to the field. 
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Exciting new vistas of research are unfolding with the recent 
integration of behavioral and biomedical sciences. For instance, one area 
of research recently opened for exploration is psychoneuroimmunology. 
Psychoneuro- immunology is the study of the interrelationship between the 
central nervous system, behavior and immune system (Ader, 1980). One avenue 
of investigation purporting to demonstrate this relationship is behaviorally 
conditioned immunosuppression. 
In 1975, Ader and Cohen were able to produce behaviorally conditioned 
immunosuppression of a primary humoral immune response in male rats. 
Following their initial work, attention has been focused on investigating 
the parameters of behaviorally conditioned immunosuppression. This study 
examines two hitherto unexplored parameters; sex and genetic line 
differences. To facilitate a greater appreciation and understanding of the 
mechanics of such a study, a brief review of the immune system and the field 
of psychoneuroimmunoloqy follows. 
The Immune System 
The immune system is responsible for defending the body from any foreign 
macromolecules intruding upon an organism's internal milieu. A part of the 
reticuloendothelial system (RES), the immune system is subdivided 
anatomically into the central organs and peripheral organs. The central 
organs include the bone marrow and the thymus, while the lymph nodes, spleen 
and lymphatics comprise the peripheral organs. 
Central Organs 
Originating within the bone marrow, lymphoid stem cells give rise to 
T-cell and B-celi precursors (see Section 1 of Figure 1, page 16). The 
T-cell precursors migrate to the thymus where they mature into T-lymphocytes 
(see Section 2 of Figure 1, page 16). The B-cell precursors evolve directly 
into B-1ymphocytes without thymic processing. In addition to its role in 
the maturation and development of T-lymphocytes, the thymus serves as a 
regulator of the immune system via the secretion of thymic hormones. 
Peripheral Organs 
The lymph node is composed of a fibrous network of reticular cells 
filtering the lymph which is conveyed by the lymphatics. The network of 
cel 15--medul1 ary and paracorticai areas of the node--also contain 
T-lymphocytes and macrophages. B-1ymphocytes are located in follicles 
surrounding the paracorticai area and contained within the medullary area 
(see Section 4 of Figure 1, page 16). The spleen is essentially a 
circulatory system analogue of the lymph node; it is composed of a fibrous 
network of T-cell areas and follicles containing B-ceils and filters the 
blood (see Section 5 of Figure 1, page 16). 
Immune Response 
I n Exposure to an antigen marks the genesis of an immune response. 
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describing an immune response, the immune system is divided into three 
limbs; the a-f-ferent, central and e-fferent (Amkraut Solomon, 1975). The 
actual response begins within the aHerent limb in which there is a direct 
or macrophagic presentation o-f the antigen to the appropriate 
immunocompetent cells. This may also include degradation o-f antigen by 
neutrophils through phagocytosis (see Section 6 o-f Figure 1, page 16). 
Central limb functioning, the focal point of the immune response, is 
manifested subsequent to the presentation of an antigen to the 
immunocompetent cells. Within the central limb, an immune response will 
follow the course of one or both of the two existing component systems of 
the immunologic apparatus. The two component systems include humoral and 
cel 1-mediated immunity. Cel 1-mediated immunity involves the thymus 
dependent-- T-1 ymphocy tes--wh i 1 e humoral immunity involves thymus- 
independent-- B-1ymphocytes. Depending on the type of antigen the evoked 
immune response will be either humoral, cell mediated or involve a 
combination of B- and T-cell activation. 
Cel 1-Hediated Immunity. Cell-mediated immunity is primarily restricted 
to delayed hypersensitivity and tissue graft rejection. When a T-lymphocyte 
is activated, which is achieved when an antigen comes in contact with 
surface receptors on the lymphocytes, 1ymphokines, non-antibody substances 
are produced. Inflammatory graft rejections result from the interaction 
between the antigen and lymphokines. 
HLimora 1 Immunity. Humoral immunity is restricted to antibody reactions. 
In a humoral response, the novelty of the antigen determines which of two 
general patterns of antibody production will be evidenced. The pattern of 
antibody production associated with a novel antigen--one that an organisns 
has never encountered--is referred to as the primary response. If the 
organism has been exposed to the antigen in the past, the pattern of 
antibody production evidenced is known as the secondary response. The key 
to antigen stimulation of a B-lymphocyte immune response rests in the 
receptor molecules, termed surface immunoglobulins, which essentially 
"identifies" an antigen. There are five classes or structural types of 
immunoglobulins--IgG, IgM, IgA, IgD, IgE--potentially serving as receptor 
molecules. A surface immunoglobulin reacts with a specific antigen and 
marks the transformation of a B-lymphocyte into an immunoblast which in turn 
transforms into a plasma cell, a type of white blood cell which produces 
antibodies. The antibody produced is essentially an anti-immunoglobulin 
with an antigen-binding specificity identical to the surface immunoglobulin 
receptor. 
As previously alluded, certain antigens are capable of evoking an immune 
reponse involving a combination of B- and T-cell activation. This 
synergetic functioning of B- and T-cells ("helper" T-cells) is evidenced 
when sheep erythrocytes are used as an antigen. The macrophage pools the 
antigen; then, B- and T-cells attach to different determinants of the pooled 
antigen. At this stage, information passes from the T-helper cell to the 
B-cell. The information acquired from the T-helper cell initiates the 
differentiation of the B-cell into a plasma cell which leads to subsequent 
























































Tradi t i ona 11 y , ths iirimune system has been perceived as functioning 
independently of the central nervous system and hence independently of CNS 
mediated psychosocial phenomena (Fauman, 1982). In more recent years 
however, investigations of the relationship between the CNS and immune 
system suggest that the CNS and CNS mediated psychosocial phenomena are 
capable of e;^erting an influence on immune function (Ader, 1981). For 
instance, studies of the relationship between the CNS and immune system in 
animals have included the study of "stress" and susceptibility to neoplastic 
disorders (Riley, 1975), viral disease (Hamilton, 1974; Johnsson, Lavender, 
Hultin ?< Rasmussen, Jr., 1963; Rasmussen, Jr., Marsh S< Brill, 1957) and the 
effect of "stress" on lymphocyte function (Gisler, Bussard, Mazie h Hess, 
1971; Joason McKenzie, 1976), antibody production (Beden h Brain, 1982; 
Hill, Greer h Felsenfeld, 1967) and morphology of immune organs (Jensen, 
Rasmussen, Jr., 1963; Marsh h Rasmussen, Jr., 1960; Monjan h Collector, 
1977). Human studies have focused on life changes/stresses and 
susceptibility to illness (Rabkin ?< Struening, 1976; Rahe, 1972) and the 
effect of bereavement on the immune system (Bartrop, Lazarus, Luckhurst, 
Kiloh St Penny, 1977). In addition to these studies, there are a number of 
general reviews examining the relationship between the CNS and immune system 
(Hurst, Jenkins Rose, 1976; Rogers, Dubey ?< Reich, 1979; Solomon 
Amkraut, 1981; Solomon Moos, 1964) and the field of psychoneuroi mmunol ogy 
(Ader, 1980, 1981, I9S3; Udelman h Udelman, 1983). 
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While these studies have implicated the CNS in the modulation of immune 
function, conditioning of an immune response has been advanced as an area of 
inquiry yielding evidence of a more direct nature (Ader, 1981). 
Behaviorally conditioned immunosuppression is demonstrated by a paradigm in 
which an attenuated immune response is produced as a consequence of a 
conditioned taste aversion that utilizes an immunosuppressant as an 
unconditioned stimulus. This conditioned suppression of an immune response 
has been termed behaviorally conditioned immunosuppression (Ader and Cohen, 
1975). The recent impetus for research in conditioned immunologic responses 
was sparked by Ader and Cohen in 1975. In their study, Ader and Cohen 
employed a Paviovian conditioning paradigm in which saccharin was paired 
with an immunosuppressive agent, cyclophosphamide, to condition 
illness-induced taste aversion. The saccharin, which possesses a 
distinctive flavour, served as a conditioned stimulus (CB). 
Cyclophosphamide, which produces gastrointestinal distress, served as an 
unconditioned stimulus (US). As a result of this pairing, the animals 
developed an aversion to the saccharin solution. In addition, 
cyclophosphamide is an immunosuppressant and thus immune suppression became 
paired with saccharin. In Ader and Cohen's study, animals received an 
injection of sheep erythrocytes (SRBC) three days after the initial CS-US 
pairing. Six days after the SRBC injection, a decreased relative to 
control groups for which the conditioned and unconditioned stimuli were 
never paired - hemaqglutineting antibody titer (conditioned response) was 
observed in animals that received the saccharin (conditioned stimulus)-CY 
(unconditioned stimulus) pairing on the day o-f conditioning. 
Rogers, Reich, Strom and Carpenter (197£>) conducted a replication of 
Ader and Cohen's study. Their results, while essentially replicating the 
findings of Ader and Cohen, deviated from Ader and Cohen's in two respects; 
(i) Rogers et al only found behavioraily conditioned immunosuppression with 
two CS-US pairings, while Ader and Cohen found conditioned immunosuppression 
with a single CS-US pairing (ii) conditioned animals injected with CY 
following treatment with antigen (US animals) possessed higher mean titers 
in the Rogers et al study (approximately 3.0) than in the Ader et al study 
(less than 1.0). No explanation is provided for the first deviation and the 
second difference was attributed to the more sensitive method of determining 
the hemagg1utinating antibody titer by Rogers et al. Since their original 
study, Ader and Cohen have examined the effect of various manipulations of 
the original experimental paradigm (1981). For instance, one study examined 
the time sampling — variations in the time elapsed between immunogenic 
stimulation and hemagglutinating antibody titers. Hemagglutinatinq antibody 
levels were measured 4, 6, 8, and 10 days after the injection of antigen. 
It was discovered that optimal serum levels of antibody were present six 
days after immunogenic stimulation. In addition, Ader and Cohen concluded 
that the qualitative results of behavioraily conditioned immunosuppression 
produce a transient delay in the appearance of antibody in the serum as 
opposed to an inhibition of antibody production. Additional variations of 
the original paradigm include investigations using preference vs. forced 
choice fluid consumption to control for effects of relative fluid 
deprivation on the day of antigen administration; dose of cyclophosphamide 
and concentration of antigen; and residual effects of cyclophosphamide (Ader 
?< Cohen, 1981 ) . 
In addition to modification of the original experimental paradigm, the 
generaiizability of behaviorally conditioned immunosuppression has also been 
investigated (Ader ?< Cohen, 1981). For instance, methotrextate replaced 
cyclophosphamide as the unconditioned immunosuppressive stimulus. It was 
concluded that methotrextate has particular advantages making it appropriate 
for future studies. However, Ader ?< Cohen cautioned that their results were 
somewhat equivocal and studies were performed in the absence of data 
indicating optimal or appropriate experimental conditions for using 
methotrextate. Additional investigations extending the generaiizability of 
behaviorally conditioned immunosuppression include studies by Cohen, Ader, 
Green and Bovbjerg (1979) and Wayner, Flannery and Singer (1978). Wayner et 
al (1978) examined behaviorally conditioned immunosuppression of a T-cell 
independent response as opposed to Ader and Cohen’s (1975) use of a T-cell 
dependent response. Wayner et al examined both T-cell dependent (SRBC) and 
T-cell independent (Brucella abortus) antigens. Wayner et al found that the 
use of cyclophosphamide-saccharin induced taste aversion conditioning 
produced statistically significant behaviorally conditioned suppression of 
the immune response to a T-cell dependent (SRBC) antigen but not the immune 
response to a T-cell independent (Brucella abortus) antigen. Conversely, 
Cohen, Ader, Green and Bovbjerg (1979) successfully produced a behaviorally 
conditioned suppression of an immune response to a T-cell independent 
(TNF'-LPS) antigen. Cohen et al (1979) suggested that their successful 
suppression of a T-cell independent response in contrast to Wayner et al's 
failure to produce suppression of the T-cell independent response may have 
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been the result of species differences. Cohen et al used (nale mice for their 
study and Wayner et al used male albino rats. Suppression of a cellular 
immune response, as opposed to humoral immune response, has also been 
behavioraily conditioned (Bovbjerg, Ader and Cohen, 1982). Splenic 
leukocytes obtained from female donors were injected into the footpads of 
experimental animals. An increased weight of popliteal lymph nodes would 
typically occur subsequent to this injection. Conditioned animals had 
significantly lower lymph node weights than control animals, thereby 
demonstrating relative behavioraily conditioned immunosuppression. The 
generalizabi1ity of behavioraily conditioned immunosuppression was expanded 
by the Bovbjerg et al (1982) study and then expanded further by Ader and 
Cohen (1982). Ader and Cohen (1982) examined the impact of behavioraily 
conditioned immunosuppression on the development of an autoimmune disease 
(systemic lupus erythematosus) in female mice. Behavioraily conditioned 
animals received saccharin solution paired with CY injections. For 
distinguishing experimental group differences, the rate of development of 
proteinuria and the rate of death for the initial 50 percent of the 
experimental population was used. The rate, as opposed to the incidence of 
mortality and development of proteinuria were used because all animals were 
expected to eventually develop proteinuria and die; thus making treatment 
effects difficult to discern. Ader and Cohen (1982) found that, relative to 
control groups, conditioned animals had a lower mortality rate and lower 
development of proteinuria thereby displaying properties reflecting 
behavioraily conditioned immunosuppression. 
In an attempt to uncover potential mechanisms and mediators involved in 
conditioned immunosuppr95sion, Ader, Cohen and Grota (1979) investigated the 
possibility o-f adrenal involvement in behavior ally conditioned 
immunosuppression. On the basis of their results, they concluded that 
behaviorally conditioned immunosuppression is not mediated by the adrenal 
system. Finally, Ader, Cohen and Bovbjerg (1982) confirmed previous reports 
of behaviorally conditioned immunosuppression of a humoral immune response 
and found that conditioning was evident with as long as 25 days between 
conditioning and antigenic stimulation. 
None of the previously cited studies on behaviorally conditioned 
immunosuppression have examined sex or genetic line as variables. Indeed, it 
is not uncommon to find the sex of animals unspecified (Ader & Cohen, 1981; 
Ader, Cohen S< Bovbjerg, 1982; Ader, Cohen Sc Grota, 1979). A survey of past 
studies revealed the exclusive use of male animals in behavioral 
conditioning of a humoral immune response (Ader S< Cohen, 1975; Cohen, Ader, 
Green ?< Bovbjerg, 1979; Rogers et al , 1976; Nayner, Flannery S< Singer, 
1978); all cellular immune response studies (Bovbjerg, Ader S< Cohen, 1982; 
Bovbjerg, Cohen Sc Ader, 1980; Klosterhalfen Sc Klosterhaifen, 1983) and the 
sole autoimmune study (Ader Sc Cohen, 1982) used females exclusively; and all 
T-cell independent studies used male animals (Cohen, Ader, Green Sc Bovbjerg, 
1979; Nayner, Flannery Sc Singer, 1 978). Further, genetic line differences 
have not been investigated at all. 
The five genetic lines of rats used in this study include two genetic 
lines selectively bred for bidirectional avoidance behavior (RHA/Lu and 
RLA/Lu animals), two genetic lines selectively bred for bidirectional 
open-field reactivity behavior (MNR/Har/Lu and MR/Har/Lu) and a control line 
(SHS: Satinder'5 heterogenous stock) produced by a 4-way cross among the 
four selectively bred lines. These genetic lines vary in a number of ways. 
Broadhurst (1975) presents a comprehensive survey of investigations 
comparing the MR and MNR genetic lines in four broad topic areas; 
behavioral, psychophysiological, psychoendocrinological and 
psychopharmacological. It includes studies that have shown that the MR 
animals possess significantly lower amounts of thyroid hormones in 
comparison to the MNR animals (Feuer ^ Broadhurst, 1962); the MR animals 
have a lower general metabolism than the MNR animals (Watson, 1960); greater 
GABA production in MNR animals (Rick, Huggins Kerkut, 1967). In addition, 
more recent studies have indicated that the MNR animals have higher 
concentrations of norepinephrine in descending and transverse colon 
(Blizard, Altman h Freedman, 1982); the MR animals, under resting 
conditions, exhibit lower basal plasma norepinephrine levels and have a 
higher systolic and diastolic blood pressure and heart rate (Blizard, Liang 
Emmel , 1980). The Maudsley nonreactive animals have higher heart, spleen 
and hypothalamic levels of norepinephrine (Slater, Blizard Pohorecky, 
1977). Studies comparing the Roman lines have shown that the RHA animals 
have a significantly lower basal level of plasma corticosterone whereas 
under "stressful" conditions -- novel environment -- the RLA animals 
manifest higher defecation scores, prolactin secretion, ACTH secretion and 
corticosterone secretion (Gentsch, Lichsteiner, Driscoll and Feer, 1982). 
These hormonal differences were also evidenced following an ip injection of 
saline (Gentsch et al , 1982). Comparative studies that include both Roman 
lines, both Maudsley lines and the SHS line have found that the SHS animals' 
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avoidance learning is inferior to that of the MNR and RHA anirnale and 
comparable to MR and RLA animals; SHS animals' open-field defecation rates 
are comparable to the MR animals' and higher than the MNR, RHA and RLA 
animals; SHS animals' activity level in the open-field is higher than the 
RHA, MR and RLA animals and comparable to the MNR animals (Satinder, 1980). 
Neurohormones have been shown to play a role in both immune function 
(Ader, 1981; Soloman and Amkraut, 1981) and taste aversion (Chambers, 1976; 
Chambers and Sengstake, 1976; Hennessy, Smotherman and Levine, 1976). As 
the preceding review indicated, there is neurohormonal and learning 
variability in the genetic lines selected for this study. This variability 
provides a focal point for investigation of any genetic line differences in 
taste aversion and/or behaviorally conditioned immunosuppression that might 
occur. 
This study has departed from the original paradigm used by Ader and 
Cohen in a number of ways. Firstly, a 57. sucrose solution was used instead 
of a saccharin chloride solution. Ader and Cohen (1981) report that they 
have successfully used sucrose to produce behaviorally conditioned 
immunosuppression. No details were provided so, presumably, there were no 
significant differences in the degree of success. Ader and Cohen (1975) 
used subgroups within the conditioned group. All subgroups received the Day 
0 Saacharin-CY pairing, but varied in Day 3 and Day 6 drinking solution - 
injection pairings. This study used a conditioned group (sucrose-CY) with no 
subgroups, a nonconditioned group (water-CY) and a placebo group which 
paired sucrose with an isotonic saline injection (sucrose-isotonic 
solution). The conditioned group received the sucrose-CY pairing to 
behaviorally condition immunosuppression. The water-CY pairing was selected 
to provide as a control -for the effects of CY on immune function per se. The 
sucrose-isotonic solution pairing provided a control for the effects of 
sucrose solution consumption per se and the effects of an injection per se 
on the immune response. This study also included a procedure for the 
measurement of fluid preference for two days following each injection. This 
provided a measure of taste aversion. This two bottle method of determining 
fluid preference provides a more sensitive measure than using a single 
bottle of the CS fluid (Dragoin, McCleary Ss McCleary, 1971). One further 
departure from Ader and Cohen's original study was the larger dose of 
cyclophosphamide used in this study. A pilot study revealed that the larger 
dose was required in order to increase the probability of the acquisition of 
taste aversion in both male and female animals. 
In an adherence to the goal of exploring the parameters of behaviorally 
conditioned immunosuppression, this study examined potential differences in 
behaviorally conditioned immunosuppression of a primary humoral (T-cell 
dependent) immune response in male and female rats from five genetic lines. 
Method 
Animals 
Sixty experimentally naive rats approximately 100 days of age equally 
represented by five genetic lines (MNR/Har/Lu, MR/Har/Lu, SHS, RHA/Lu, 
RLA/Lu) and both sexes (n=2 for sex x experimental condition x genetic line 
ceil) plus an additional three males from the SHS line comprised the 
sixty-three animals used in this study. The Maudsley nonreactive and 
Maudsley reactive lines have been selectively bred for low and high 
open-field emotional reactivity respectively (Broadhurst, i960). The Roman 
high avoidance and Roman low avoidance have been selectively bred for high 
and low rates of two-way active avoidance, respectively (Bignami, 1965; 
Satinder, 1971, 1972a). The SHS line (Satinders Heterogenous Stock) is a 
genetic line developed through a four-way cross among the Maudsley and Roman 
lines. (Satinder, 1980). Additional details regarding the genetic history 
end behavioral characteristics of these lines have been previously discussed 
in Satinder (1972b , 1981). 
Animals were individually housed on a 12:12 hour light/dark cycle and a 
laboratory temperature of 22^1® C. Animals were used in groups of three 
same-sexed litter mates with one litter mate assigned to one of the three 
experimental conditions. The use of same-sexed litter mates meant that 
animals were matched to minimize individual differences in immune function 
due to individual genetic differences. Serum immunoglobulin concentrations 
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have been shown to vary among individuals (Grundbacher, 1974). These 
individual di-f Terences have been shown by twin studies to be partially 
genetic in origin (Kaif-f ?< Hijmans, 1969; Rowe, Boyle k Buchanan, 1968). 
Assignment to conditions was made by matching -for body weights and 
adjunctively for average fluid and food intakes. Nonconditioned animals were 
housed in a different laboratory room than were the conditioned and placebo 
animals to control for the role of olfaction in taste aversion (Ader, 1977). 
Ader (1977) has reported that olfaction can influence acquisition of a taste 
aversion by decreasing the consumption of fluid by control animals or by 
decreasing the magnitude of the avoidance response. As a result, Ader (1931) 
recommends that different groups of animals be housed in separate rooms. 
Hater i als 
Sucrose Solution. A 57. (w/v) sucrose solution which served as a 
conditioned stimulus, was prepared by dissolving 25 mg of sugar in 500 ml 
volume of distilled water. Fresh preparations of the sucrose solution were 
made on a regular basis throughout the es^periment. 
Cyc1ophosphamide. Cyclophosphamide (CY>, which served as the 
unconditioned stimulus, was obtained from Aldrich chemicals in the form of a 
powdered crystaline hydrate and stored at to increase its shelf life. 
In a pilot study, it was discovered that a dose of 50 mg/kg in a volume of 
1.5 ml/kg was insufficient to produce taste aversion in a few of the female 
animals, whereas a dose of 75 mg/kg was found to be sufficient to produce 
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taste aversion in female animals and was therefore used throughout the 
experiment for all animals. As per the recommendations of Calabresi and 
Parks (1970), the cyclophosphamide solution was prepared no more than 30 
minutes in advance of administration. 
Buffered Physiological Saline. A phosphate-buffered 0.857. M 
V 
physiological saline solution (Kwapinski, 1965) was used for injections in 
the placebo condition, to wash sheep's blood used to prepare sheep red blood 
cell suspensions and for dilutions used in the hemagg1utinating antibody 
assay. The pH of the solution was routinely tested with hydrion pH paper to 
ensure that it was in the order of 7.2. Fresh preparations of the solution 
were made on a regular basis throughout the experiment. 
SRBC Suspension (Antigen). A 17. t hr i ce-washed suspension of SRBC's was 
prepared from sheep's blood (Nowotny, 1969) and preserved in a modified 
Alseiver's solution. The sheep blood was initially secured from a local 
Abattoir and subsequently from National Biological Laboratories. The blood 
was stored at approximately and suspensions were prepared no more than 
20 minutes in advance of administration. 
Additional Haterials/Equipment. Additional materials/apparatus that 
were used throughout the experiment included Plastipak Icc tuberculin 
hypodermic syringes, serological pipettes, micro cavity microscope slides, 
18 gauge needles, 26 gauge needles, a Gilson P200 and a PIOOO air 
displacement pipette, Carl Zeiss compound microscope and a Sorvall S-24 
centrifuge. 
Procedure 
Basel i ne. The baseline phase o-f the experiment was two days in 
duration. On the first day. Day BO, animals were weighed and placed in 
individual cages that were placed on a cage rack. The animals were then 
supplied, ad libitum, with food that had been weighed and water in 
calibrated bottles. On Day Bl, 24 hours later, the animal and its food were 
weighed and water consumption was recorded. On Day B2, 48 hours after the 
animal was first placed in its cage, the animal and its food were weighed 
and the fluid consumption was recorded. On Day B2, after all data was 
recorded, the fluid bottles were removed from the cage. Therefore, animals 
no longer had an ad libitum supply of water. Removing the fluid bottles 
from the cage marked the end of the baseline phase and the beginning of the 
preconditioning phase of the experiment. 
Preconditioninq. Prior to assignment to experimental groups and actual 
testing, a water intake regimen was established. This constituted the 
preconditioning phase. Animals were restricted to two, one hour morning and 
one hour afternoon, drinking periods. Each animal's daily water consumption 
was restricted to these two, sixty minute drinking periods throughout the 
remainder of the experiment. Body weights were recorded daily throughout the 
entire preconditioning phase. On the seventh day of the preconditioning 
phase, animals were assigned to experimental groups by matching same-sexed 
litter mates for average body weight, average daily food, and water 
consumption. 
Conditioninq 
Conditioned Group. The initial day o-f conditioning was designated as 
Day 0. On Day 0, two drinking bottles containing a 5X sucrose solution and 
one empty bottle were a-f-fixed to the front of the cage at the beginning of 
the morning drinking period. Fluid levels were then recorded. At the end 
of one hour, the fluid levels were recorded and the drinking bottles were 
removed. An intraperitoneal (ip) injection of CY. was administered thirty 
minutes later. In the interim period between the end of the drinking period 
and the ip injection, the animals, their food and their food wastage were 
recorded. The procedure for weighing the animals, their food and food 
wastage was performed at the same time each day throughout the remainder of 
the experiment. On Day 3, the morning drinking period was the same as 
outlined for Day 0 with animals receiving an ip injection of SRBC in place 
of the CY. The SRBC suspension was injected to initiate a primary humoral 
immune response which would provide a measure of the conditioning of the 
immune response by means of a hemagg1utinating antibody titer. Further, the 
SRBC injection was administered 30 minutes following the drinking period -- 
CS exposure -- to simulate the Day 0 CS-US pairing. It has been repeatedly 
demonstrated (Hutton, Woods Hakous, 1970; Seigei, 1975) that the injection 
itself becomes an integral part of the CS. The SRBC injection thus serves 
the dual role of supplying both the antigen and the "injection complex". In 
addition, procedures followed for the morning drinking period on Day 6 were 
as outlined for Day 3 and Day 0 but with no injection following the drinking 
period. 
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On Days 1, 2, 4 and 5, the drinking bottles affixed to the front of the 
cage for the morning drinking period included one empty bottle, one bottle 
containing a 57. sucrose solution and one bottle containing distilled water. 
By providing both a bottle containing water and one containing a sucrose 
solution, the animals were provided with a choice between fluids. This 
choice is important, as it provides a measure of an animal's fluid 
preference -- a measure of taste aversion. As per the procedures outlined 
for Days 0, 3 and 6, the fluid levels for each bottle were recorded both at 
the beginning and end of the drinking period and all bottles were removed 
with the termination of the 60 minute drinking period. 
On Days 7 and B, the three bottles affixed to the cage for the morning 
drinking period included one empty bottle and two bottles containing 
distilled water. No sucrose solution was provided during these drinking 
periods in order to minimize the extinction of the taste aversion by 
limiting the number of times the animal was exposed to the sucrose solution. 
Again, fluid levels were recorded at both the beginning and end of the 
drinking period and all bottles were removed at the end of the drinking 
period. The bottles are, of course, removed in order to continue the 
restriction of fluid consumption to the two daily drinking periods. 
In addition to the morning drinking period, there was also a daily 
afternoon drinking period. The afternoon drinking period also lasted 60 
minutes and involved affixing three bottles to the front of the cage. The 
contents of the bottles were the same for each day of the experiment; two 
contained distilled water while the third was empty. The afternoon drinking 
period was included in this study to reduce fluid deprivation resulting from 
the restricted fluid intake and to minimize relative fluid deprivation on 
Day 0 and Day 3. 
In addition to the procedures outlined above, it should be noted that 
the bottles were rotated for both drinking periods on each day of the 
experiment. This was done to prevent animals from developing a preference 
for a drinking position per se as opposed to a fluid. 
On Day 9, blood was collected from animals for the subsequent 
determination of hemagglutinatinq antibody titers. 
Nonconditioned Group. The procedures followed for the nonconditioned 
group of animals was the same as those outlined above for the conditioned 
group of animals. The only difference that existed in the procedure was 
that the animals in the nonconditioned group received distilled water 
instead of the 57. sucrose solution the conditioned animals received on Days 
0, 3 and 6. The distilled water was used instead of the sucrose solution so 
that an examination of the nonconditioned group of animals would show the 
effects of CY on the immune system per se. In addition, the nonconditioned 
animals were housed in a different room than that in which the conditioned 
and placebo animals were housed. 
Placebo Group. The procedures employed for animals in the placebo group 
were essentially identical to those outlined above tor the conditioned 
group. The only difference between the two groups was that animals in the 
placebo group received an ip injection of physiological saline on Day 0 
instead of the CY which the conditioned animals received. The physiological 
saline solution was used instead of the CY in this group so that the effects 
of exposure to a novel stimulus -- sucrose -- per se could be observed. In 
addition, the physiological saline reflects the effects of an injection per 
se. (See Table 1 for experimental protocol). 
B1ood Col lection 
Procedure 
Blood collection occurred on Day 9 after the morning drinking period. 
The animals, their food and food wastage were weighed. 
After the animals were weighed, an ip injection of euthanyl was 
administered. The dosage of euthanyl--one half the lethal do5e--was .001 
mg/ml. Once the drug had taken effect, blood was obtained by cardiac 
puncture using an 18 gauge needle attached to a tuberculin syringe. Blood 
was drawn into the syringe, the syringe was detached from the needle and the 
blood was then released into a test tube labelled with the animal's 
experimental number. This procedure was continued until approximately 4 ml 
of blood was extracted from the animal. On a number of occasions it was 
necessary to surgically open the heart and then draw blood into a syringe 
^or transfer to a labelled test tube. Once blood was in a test tube, the 
blood was placed into a refrigerator (4^0 where it was allowed to clot 
over night. 
Hemagglutinating Antibody Titer 
Procedure 
On Day 10, the blood was removed from the refrigerator and centrifuged 
at iOOOXq for 10 minutes. One mililiter of the resulting blood serum was 
o 
transferred to a clean test tube and placed in a water bath at 5? C for 30 
minutes to inactivate any complement (Ader Cohen, 1975). For each titer, 
11 test tubes were arranged in a test tube rack and labelled for a serial 
twofold di1ution--rati05 of 1:2, 1:4 through to 1:1024 and a control. To 
each test tube was added .5 ml of a buffered physiological saline solution 
using an air-displacement pipette. Using an air-displacement pipette, .5 ml 
of blood serum was added to the first test tube. The solution was mixed, ,5 
ml of the solution was transferred to the next test tube, mixed and the 
process continued for each test tube. The .5 ml serum-saline mixture drawn 
from the test tube labelled 1:1024 was discarded. Once all the appropriate 
dilutions were prepared, .5 ml of a 17. thrice washed suspension of sheep red 
blood ceils was added to each test tube; including the test tube labelled 
"control". Following this, all test tubes were placed in a water bath at 37 
C for a minimum of 1 hour, after which test tubes were centrifuged at 200Xg 
for 2 minutes. Once the solutions had been centrifuged, a drop of the 
o 
solution was placed on a clean microscope slide and examined under a 
magnification of lOOX to ascertain the presence of agglutination. An 
examination of all test tubes was made and the reciprocal of the highest 
dilution producing definite hemagglutination, the end point of the titer, 
was recorded and expressed as a power of the base two (Kwapiniski, 1965). 
The criteria for determining the end point of the titer were adopted from 
Moore, Humphreys and Lovett-Moseley (1972, pp. 67-71). The procedures for 
blood collection and assaying the hemagglutinating antibody titer were 
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For statistical analysis, data was acquired -from the -five phases o-f the 
experiment; baseline, preconditioning (-Fluid intake regimen), dr/saline 
(post-drug/saiine injection), SRBC (post-SRBC injection) and post 
conditioning (return to preconditioning status). 
Immunosuppression 
E V a 1 Li a t i 0 n by 2 (sex) x 3 (e x p t' a 1 condition) x 5 (genetic line) a n o y a 
o-f hemaqglutinating antibody titers revealed a significant main effect for 
the sex [^(1,33) = 14.11, p<.01] and experimental condition EF_(2,33) = 
36.70, p<.01] variables. Further examination of experimental condition 
differences by use of a Newman-Keuls pairwise comparison test (see Table 2) 
shows that all groups differed significantly (p<.01) from each other. 
Mean titers for male and female animals and experimental groups are 
presented in Table 3. In addition, Figure 2 shows mean titers of 
experimental groups for each genetic line. 
'iev/man-Keuls Test for 
fxioerinentpJi. Condition Differences 
j. x::iPntal 




onditioned None o nd i t i o ne d 
liff=l,U7(Cr=.69””) Diff=2.OQ(Cr=.?B* ”) 
  1 Diff=l.i^'5(Cr=.69->*) 
ote (1) Diff; Difference between means 
(2) Cr; ilewman-Keuls critical value ^ 





Mean Titers for Male and female Animals 












No n CO nd i t i o ne d 





Note (1) n= number of animals 
Taste Aversion 
Consumptions o-f sucrose solution and distilled water during morning 
drinking periods tor Days 1,2,4 and 5 were expressed as ratios of sucrose to 
total fluid consumed and plotted for experimental conditions for each 
genetic line <see Figure 3). These ratios (fluid preferences) were aiso 
analyzed with a variety of factorial Anova's. 
Table 4 summarizes a series of 2 (sex) x 3 (expt'al condition) x 5 
(genetic line) Anova's for each day a fluid choice was provided. The 
statistically significant experimental condition and genetic line 
differences indicated in Table 4 were further analyzed by Newman-Keuls 
pairwise comparison tests and are presented in Tables 5 and 6 respectively. 
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Table 4 
Summary of 2(sex)x3(expt•al condition)x5(genetic line) 
Anova’s Examining Fluid Preferences 
)xperimental' Day 











































Note (l)Con-. Experimental condition, Gl- genetic line 
(2)p<.05* , p<.01»--^p=.052+ 
The taste aversion is composed of two components; (i) a novel stimulus 
(sucrose solution) followed by (ii) an aversive consequence resulting in a 
subsequent reduction in relative sucrose solution consumption. Therefore, 
for true taste aversion to occur, the effects of both these components 
should be evidenced. In other words, there should be a significant 
difference in subsequent relative sucrose solution between 
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sucrose-cyclophosphamide and water-cyclophosphamide groups (reflecting the 
novel stimulus aspect) and between sucrose-cyclophosphamide and 
sucrose-saline groups (reflecting the aversive consequence aspect). On the 
Table 5 
Newman-Keuls Pairwise Comparison Tests for 





































Note (1) Con- conditioned group, Noncon- nonconditioned group, 
Plac- placebo group 
(2) significant at p<.05^'^ , p<.01-^* and nonsignificant (ns) 
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basis of this criteria, the significant experimental condition differences 
(p<.01) evident on Day 1 (see Tables 4 and 5) indicate overall taste 
aversion. Further, animals in the placebo group showed a statistically 
significant preference (p<.05) for the sucrose solution relative to animals 
in the nonconditioned group (see Tables 5 and 7). By Day 2, there was still 
evidence of overall taste aversion (p<.01) but the significant difference 
between the nonconditioned and placebo groups evidenced on Day 1 was no 
longer present (see Table 5). 
Table 7^ 





.05 ^ .15 
.68 ± .30 
.83 ± .22 
.08 i .20 
.76 1 .21 
.82 ± .26 
Day4 Day5 
.27 .30 
.80 ± .1? 







Note (1) Values represent a ratio of volume of 
sucrose consumption to total fluid consumption 
On Day 4, overall, taste aversion was present (p<.01; see Tables 4 and 
5). In addition, a significant sex difference was begining to develop 
(p=.052) with male animals showing less preference for the sucrose solution 
than the female animals (see Tables 4 and 8). There was also a significant 
Table 8 
Mean Male and Female Fluid Preferences 




v57 - .^0 
.51 ^ .^1 
.61 i: .39 
.62 1 .37 I .62 + .38 
.70 1 .33 I .74 i .30 
Note (1) Values represent a ratio of voiume^of sucrose 
consumption to total fluid consumption 
{p<.01} genetic line difference (see Table 4). Table h reveals that these 
genetic line differences are due to the significantly loeer preference shown 
by MR/Har/Lu animals relative to RHA/Lu (p<.05), RLA/Lu (p<.051 and 
Table 6 
Newman-Keuls Paiirwise Comparison Tests for 













































Note (1)significant at and p^ .05 
ns 
MNR/Har/Lu (p<.01) animals; in addition to greater preference shown by 
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MNR/Har/Lu animals relative to the SHS and RLA/Lu animals. As Table 4 
indicates, there were significant sex-genetic line (p<.05), sex-experimental 
condition (p<.05) and genetic line-experimental condition (p<.01) 
interactions. Further analysis of the genetic line-experimental condition 
interaction (see Table 9) indicated that genetic line differences were 
significant (p<.01) within each experimental group and that experimental 
Table 9 
Genetic Line-Experimental Group Simple Interaction 
Effects For Fluid Preferences on Day 4 
  _ Source 
Genetic line for Conditioned group 
Genetic line for Nonconditoned group 
Genetic line for Placebo group 
Experimental group for MNiy^Haiy^Lu 
I Experimental group for MR/Har/Lu I Experimental group for SHS 
I Experimental group for RHA/LU 
i Experimental group for RLA/LU 













.57 ,14: 4.08-«-* 
.34 ; .09' 2.43^-"- 
1.54 i .77i 22,00** 
12,04 I 6.02j172.00** 
7.66 i 3.88| 110.86** 
7.83 ! 3.97! 113.29"'^^' 
21.54 I 10.771 307.71^^ 
1.43 i .035! 
Note (1) p <.01** 
group differences were present in each genetic line (p<.01). Additional 
analysis of the sex-experimental condition interaction (see Table 10) showed 
that experimental condition differences -- taste aversion (see Table 5) — 
were present for both males (p<.01) and females (p<.01). However, the sex 
Table 10 
Experimental Group-Sex Simple Interaction 
Effects For Fluid Preferences on Day 4 
Source df SS MS 
Experimental group for Males 
Experimental group for Females | 
Sex for Conditioned, group 
Sex for Nonconditioned group 
Sex for Placebo group j 
Pooled Error Term  I 

























difference was restricted to the conditioned group <p<.01j see Table 10). 
Mean fluid preferences for males and females within experimental groups are 
presented in Table 11. As indicated by Table 12, the sex difference in 
fluid preferences were limited to the SHS (p<.05) and RHA/Lu (p<.01) animals 
and genetic line differences were limited to female animals (p<.01). 
Table 11 
Male and Female Fluid Preferences 
Within Experimental Groups for Day4 
Male 
n=ll per cell 
Female 
n=10 per cell 
Conditioned 
.181 .22 
• 37± .3^ 
Nonconditioned 
.77 i. .i9 
.84 ±.12 
Placebo 
.92 i .12 
.88 i .15 
Note (1) Values represent a ratio of volume of 
sucrose consumption to total fluid consumption 
Table 12 
Sex-Genetic Line Simple Interaction 
Effects For Fluid Preferences on Day4 
n Source df SS MS 
Sex for MNR/Har/Lu 
Sex for MR/Har/au 
Sex for SHS 
Sex for RHA/Lu 
Sex for RLA/Lu 
Genetic line for Males 
Genetic line for Females 


































Note (1) p<.01«*, p>.05’^®, p<.05* 
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On Day 5, overall, taste aversion existed (p<.01) but the difference 
between placebo and nonconditioned groups found on Day 4 were no longer 
present on Day 5 (see Tables 4 and 5). There was also ' a significant sex 
(p<.01) and genetic line (p<.01) difference with MR/Har/Lu animals--relative 
to the other genetic lines—showing a significantly greater taste aversion 
to the sucrose solution (see Table 6). In addition, a sex-experimental 
condition interaction existed in which both sexes displayed evidence of 
taste aversion, but with a difference in the magnitude of the effect (Table 
13 and 14). Likewise, there was a significant experimental condition-genetic 
line interaction in which genetic lines differed in conditioned 
Table 11 
Sex-2xperimental Group Simple Interaction 
Effects for Fluid Preferences on Day 5 
G o ur c e 
Sex for Conditioned Group 
Sex for Nonconditioned Group 
Sex for Placebo Group 
Experimental Group for Hales 
Experimental Group for Females 



























Note (1) p<.01*-», p>.05’^® 
Table 14 
Mean Male and Female Fluid Preferences 
Vvithin Experimental Groups for Day5 
Male 
n=ll per cell 
Female 









Note (!) Values represent a ratio of volume of 
sucrose consumption to total fluid consumption 
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(p<.01) and placebo (p<.01) but not nonconditioned (p<.05) groups (see Table 
15). There was also a sex diHerence in the inagnitude o-f the experimental 
condition-genetic line interaction (see Table 16). 
Table 15 
Experimental Group-Genetic Line Simple 
Effects for Fluid Preferences on 
Interaction 
Day 5 









Group for MNR/Har/Lu 
Group for MR/Har/Lu 
Group for SHS 
Group for RHA/Lu 
Group for RLA/LU 
for Conditioned Group 
for Nonconditioned Group 
for Placebo Group 




































Sex-Experimental Group-Genetic Line Higher Order 
Interaction Effect for Fluid Preferences on Day5 
Note (1) p<.0l-*^^ 
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Conditioned Response 
A Pearson moment - product correlational analysis was performed between 
titers and fluid preference consumptions for each day a fluid preference was 
provided (see Table 17). A positive correlation indicates that animals with 
a higher sucrose solution consumption also had higher titers (high antibody 
concentrations). In other words, a positive correlation would indicate that 
taste aversion (low sucrose solution consumption) would be- associated with 
immunosuppression (low antibody) within the confines of the paradigm used in 
this study. 
Table 1? 
Pearson Correlation Coefficients for Correlation 









Notes(1) Fluid preferences represent a ratio of 
sucrose consumption to water consumption 
(2) A one tailed analysis was used since a 
significant negative correlation would 
not be expected to occur 
(3) Significant at p-^.O!'^** 
Food Consumption 
Figure 4 shows each genetic line's mean food consumption for 
experimental conditions by experimental phases. Table 18 summarizes a 
series of 2 (sex) x 3 (expt'al condition) x 5 (genetic line) Anova's 





Summary of 2(sex)x3(expt'al conditian)x5(genetic 
line) Anovas Examining Food Consumption 
Experimental 
Variables Baseline Precond 
Experimental Phases 































Note (1) p<.01*», p<.05*. P>.05'^® 
The statistically significant main effect for the genetic line and 
experimental condition variables were further analyzed with Newman-Keuls 
pairwise comparison tests (see Table 19). In addition, statistically 
significant interaction effects were analyzed and are presented in Table 20. 
Overall, there was a significant genetic line difference in food consumption 
for all but the baseline phase (see Table 18). However, as Table 18 
indicates, during the preconditioning phase none of the genetic lines 
differed significantly. Further, the only significant difference between 
genetic lines in the dr/saline phase was between the SHS and RLA/Har/Lu 
(p<.01) lines; while the only significant difference in the postconditioning 
phase was between the MR/Har/Lu and RHA/Lu lines and SHS and RHA line. The 
major genetic line differences 
in the BRBC phase where the 
significantly but did differ 
experimental condition 
in food consumption were primarily evidenced 
SHS and MR/Har/Lu lines did not differ 
from each of the other genetic lines. The 
differences for the dr/saline 
Table 19 
Newman-Keuls Pairwise Comparison Tests of Genetic 
Lines' Food Consumption for experimental Phases 
SJIS iViH/>iar/Lu MMft/Har/Lu RHA/LU RLA/LU 
SHS   1.38(1.39)ns 1 .^^8 (1 . ^7 )ns 1.70(l.B?)ns 1.76(1.95)ns 
WR/Har/Lu  ,10{1.39)ns .32(1.67)ns .38-(1.83)ns 
MNR/Har/Lu   ,22(l,39)ns .28(1.67)ns 
RHA/Lu   .06(1.39)ns 
RLA/LU   
Dr/Saline Phase 
SHS MH/Har/I.u MKR/Har/Lu RHA/Lu RLA/LU 
SHS — .07(1.20)ns 1.12(1.45)ns 1.37(1.59)ns 2.06(1.69)* 
MR/Har/Lu  .U2(1.20)nn .67(l.^5)ns 1.36(1.59)ns 
MNR/Har/Lu   ,25(l.20)ns .9^(1.^5)ns 
RHA/Lu   .69(1.20)ns 
RLA/LU   
SRBC Phase 
SHS MR/Har/Lu MNR/ilar/Lu RHA/LU RLA/LU 
SHS — .k,5i .97)ns 2.01(1.^^7)** 2.23(1.58)** 2.20(1.66)*^' 
MR/Kar/Lu  1.5^(1.29)** 1.78(1 .^^7)** 1.8U(1.58)^-^* 
MNH/Har/Lu   .22( .97)ns .28(1.17)ns 
RKA/LU  '  ,06(1.29)ns 
RLA/Lu   
Postconditioning Phase 
MR/Har/Lu SHS WNR/Har/Lu RJU/Lu RLA/Lu 
MR/Har/Lu   .37(1.20)ns .97(1.^5)ns 1,50(1.59)ns 2,17(2*05) 
SHS  .60(1.20)ns 1.13(1.45)ns 1.80(1.59?* 
WHR/Har/Lu   ,53(1.20)ns 1.20(1.45)os 
RHA/Lu   .67(1.2;ns 
RLA/Lu   
Note (1) P<.01**p <. 05*^ p 
53 
Table 20 
Newman-Keuls Pairwise Comparison 
Tests of Experimental Groups* 










Newman-Keuls Pairwise Comparison 
Tests of Experimental Groups* 
Food Consumption for SRBC Phase 




.70(,75)ns .92 (.90)'^ 
.22(.75)ns 
Note (1) p<.01**, p<".05", P>.05'’''® 
phase appear to be restricted to the males (see Table 22) while the 
di-fferences during the SRBC phase (see Table 23) were present for both males 
(p<.05) and females (p<.01). The genetic line differences found in the SRBC 
phase (see Table 24) were present in both males (p<.01) and females (p<.05). 
Table 22 
Sex-Experimental Group Interaction 
for Dr/Saline Food Consumption 
Effects 
Variable df SS KS 
Group Sex for Conditioned 
Sex for Nonconditioned Group 
Sex for Placebo Group 
Experimental Group for Males 





























Sex-Experimental Group Interaction 
Effects for SRBC Phase Food Consumption 
Variable df SS MS 
Sex for Conditioned'Group 
Sex for Nonconditioned Group 
Sex for Placebo Group 
Experimental Group for Males 
Experimental Group for Females 
























Note (1) p<.01«*. p<.05*, P>.05 
ns 
Table 24 
Sex-Genetic Line Interaction Effects 
for SRBC Phase Food Consumption 
Variable df SS MS 
Sex for MNR/Har/Lu 
Sex for MN/Har/Lu 
Sex for SHS 
Sex for RHA/Lu 
Sex for RLA/LU 
Genetic Line for Males 
Genetic Line for Females 
































Note (1) p<.01»*, P'C'.05*. p>.05 ns 
Total Fluid Consumption Figure 5 shows the mean -fluid consumption -for each 
phase c-f the experiment according to experimental conditions and -for each o-f 
the genetic lines. A series of 2 (sex) x 3 (expt'al condition) x 5 (genetic 
line) Anova's are summarized in Table 25. The genetic line differences were 
further analyzed by Newman-KeuIs pairwise comparison tests to indicate 
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